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Introduction
One of the most known sources of marine pollution is oil spills produced from frequent accidents during the production and transportation of crude oil and its derivatives. Because conventional cleaning methods such as skimming and booming are considerably expensive, researchers are motivated to search for novel, cost effective methods [1, 2] . Under this scope, a variety of chemicals, including polymers, surfactants and ionic liquids, are widely applied as oil spill dispersants, sorbents, and collectors [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Among the currently available methods, the oil spill collector's technique has been the most applied in recent years due to its high efficiency, reusability, low cost and the ability to capture crude without dispersion into water [14] [15] [16] . In our previous studies, new synthesized magnetic nanomaterials (MNMs) used different natural capping agents such as asphaltene and plant extracts and applied as oil spill collectors [16] [17] [18] . It was noticed that the efficiency to collect heavy crude oil increased with using more hydrophobic MNMs [16] [17] [18] .
According to the green chemistry principles, it is necessary to develop new substances alternative to the currently used chemicals in oil spill removals that contribute additionally to the marine pollution. New environmental regulations motivate researchers to consider alternative methods and chemicals that they are environmentally friendly.
Materials and Methods

Chemicals
All chemicals, i.e. as ferrous chloride tetrahydrate (FeCl 2 ·4H 2 O ≥ 99%), ferric chloride hexahydrate (FeCl 3 ·6H 2 O, 97%), ammonium hydroxide (25%), isopropanol and n-hexane were obtained from Aldrich Chemical Co. (Missouri, USA) and used without further purification. Saudi Arabia-based heavy crude oil was supplied from the Riyadh refinery unit: Aramco Co. (Riyadh, KSA) and the seawater was collected from the Arabian Gulf along the Saudi coast.
The aerial parts of M. aurea and O. baccatus were collected from the natural area of Rowdah Khuraim (Riyadh, KSA) during March 2016. A taxonomist in the herbarium division of King Saud University identified the species. The plant's aerial parts were chopped into small pieces and air-dried under shade. After drying, the materials were separately soaked in n-hexane for 72 h thrice. The n-hexane extracts of M. aurea (MAE) and O. baccatus (OBE) were filtered and concentrated under reduced pressure using rotary evaporator.
Synthesis of Magnetite Nanomaterials (MNMs)
Capped MNMs were prepared by mixing solutions of 2:1 mole ratio ferric chloride hexahydrate to ferrous chloride tetrahydrate, (5.4 g Fe 3+ and 2.0 g Fe 2+ were dissolved in 100 mL of deionized water) with MAE or OBE solutions (2 g of each were dissolved separately in 50 mL of isopropanol). The mixture temperature was elevated to 50 • C under N 2 atmosphere, to ensure the completion of the reaction; ammonia solution was added dropwise under continuous stirring for one hour, followed by adjustment of solutions pH to 10 with ammonium hydroxide. The formed MNMs were separated by the placement of external magnets, followed by sequential washing with isopropanol and water and then drying at ambient temperature. In this study, the synthesized MNMs coated by MAE or OBE are abbreviated as MAE-MNMs and OBE-MNMs, respectively.
Characterization of MNMs
The active functional groups in MAE and OBE extracts and MAE-MNMs and OBE-MNMs were investigated using Fourier-transform infrared spectroscopy (FTIR) (Thermo scientific, MN, USA). The experimental setup consisted of a Nexus 6700 FTIR spectrometer. The crystal lattice structure of the MNMs was confirmed by X-ray powder diffractometry (XRD) using a BDX-3300 diffractometer (Beijing University Equipment Manufacturer, Beijing, China) with a CuKa radiation source of wavelength λ = 1.5406 Å). The MNMs' particles size in ethanol, their particle sizes, dispersion and zeta potential values were measured using dynamic light scattering (DLS) (Malvern Instruments, Malvern, UK). The experimental setup consisted of a Zetasizer 3000HS with a He-Ne laser source at wavelength λ = 633 nm. The surface morphology of the MAE-MNMs and OBE-MNMs was obtained using a JEOL JEM-2100F transmission electron microscope (TEM) (JEOL, Tokyo, Japan). The thermal stability of the MAE-MNMs and OBE-MNMs was measured by thermogravimetric analysis (TGA) using a Shimadzu DSC-60 thermal analyzer (Shimadzu Co, Canby, USA). The MNMs were heated under nitrogen atmosphere from 25 • C up to 700 • C at a heating rate of 10 • C/min.
Thin layers of MAE-MNMs or OBE-MNMs were deposited on the surface of a glass slide and their contact angle with seawater drops was determined using drop shape analysis (DSA) with a DSA-100 analyzer (Krüss GmbH, Hamburg, Germany). Prior to the measurements, small amounts of MA-MNMs or OB-MNMs were dispersed in ethanol solution followed by spreading onto the glass slide surface and then drying at 50 • C in a hot air oven. These steps were repeated three times until a thin film of MNMs was formed on the glass slide surface. The magnetic properties of MAE-MNMs and OBE-MNMs were obtained using vibrating-sample magnetometry (VSM) with a LDJ9600 magnetometer (LDJ Electronics, MI, USA) in a magnetic field of 20,000 Oe.
Efficiency of MAE-MNMs and OBE-MNMs as Oil Spill Collectors
About 1 mL of Saudi-based heavy crude oil was injected onto a surface of 250 mL seawater in a 500 mL beaker. Several ratios of the synthesized MNMs related to the oil contents were spread as solid powder to the crude oil and remixed using a glass rod for one minute. After 5 min, the adsorbed oil spill on the surface of MNMs was collected using external magnetic field, a permanent Nd-Fe-B magnet (4300 Gauss), and washed in a beaker with chloroform. The chloroform was evaporated under reduced pressure using rotary evaporator. The collected crude oil volume was determined as V 1 and the original oil spill volume designated as V 0 . The residual oil on the surface of the brine water was extracted using chloroform. The ability of synthesized MNMs as oil spill collectors was calculated using Equation (1):
For reusability purposes, after the heavy crude oil collection was finished the used MNMs samples were recollected using the permanent Nd-Fe-B magnet and washed several times with chloroform and ethanol solvents. Finally, the MNMs were air-dried and then reused for a new cycle of crude oil removal experiments.
Results and Discussion
Before the extraction of polar active constituents from the raw M. aurea and O. baccatus plants materials, the hydrophobic constituents are usually defatted by n-hexane. During this process, large amounts of n-hexane extracts are obtained. Their hydrophobic properties such as the diversity of their hydrophobic constituents as well as their renewability, environmentally friendly nature and rapid extraction motivated us to apply these materials as capping agent during preparation of MNMs. Moreover, the synthesis of monodispersed MNMs in the presence of natural capping agents, extracted from M. aurea and O. baccatus, is one targets of the present work. Their efficiency in the synthesis of MNMs and their application towards the protection of marine species from the harmful presence of oil spills are another goal of this work. The natural hydrophobic extracts were selected as capping and stabilizing agents because the enhanced dispersity of the synthesized MNMs in crude oil and their efficiency in the collection of oil spill.
Characterization of the Prepared MNMs
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Conclusions
In this study we used two different plants extracts obtained from M. aurea and O. baccatus to synthesize capped hydrophobic magnetite nanomaterials. It was found that the diversity of the biocomponents in both extracts decreased the particle size diameter of the prepared MNMs and increased their ability to disperse and interact with the constituents of crude oil. The incorporation of the biocomponents of MAE and OBE to the MNMs and the existence of these nanomaterials were confirmed by FTIR and powdered XRD analyses. The contact angles measurements demonstrated an increase in the hydrophobicity of the prepared MNMs, suggesting an increase in their ability to disperse in crude oil compared to water media. The DLS and TEM measurements revealed the microstructural form of the nanomaterials with an average diameter of 9.6 ± 3 nm. The synthesized MNMs showed a supermagnetic behavior and the magnetization value was lower for OBE-MNMs compared to MAE-MNMs. This increase suggests an increase in the content of the MNMs. Furthermore, the MAE-MNMs showed a higher ability for collecting of oil spills because of their ability to disperse in crude oil more effectively compared to the OBE-MNMs. The reusability of the MNMs was demonstrated for at least five cycles, displaying a slight loss in the efficiency with every repeating cycle. To conclude, the availability of the M. aurea and O. baccatus plants in nature, their environmentally friendly extracted hydrophobic biocomponents, and the simplicity of MNM 
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